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Fluorescence Intensity Multiple Distribution Analysis 
A Method of Analysing Fluorescence 

ABSTRACT 



FCS (Fluorescence Correlation Spectroscopy) and FIDA (Fluorescence Intensity 
Distribution Analysis) are two distinct methods of analyzing fluorescence fluctuations 
caused by the diffusion of fluorescent particles through an open volume. From FCS the 
diffusion time and from FIDA the molecular brightness of different species can be 
deduced. Here we introduce a new method (FIMDA, Fluorescence Intensity Multiple 
Distribution Analysis) which combines both, FCS and FIDA. Within one measurement, 
three parameters are determined for each species: the diffusion time t, the molecular 
brightness value q and the concentration c. Like In FIDA, the analysis is applied to 
photon count number distributions. In FIMDA, however, a set of count number 
distributions is used, with each distribution corresponding to a different length of 
counting time interval. Since the values for all three parameters are attributed to each 
species, FIMDA is a more powerful tool of analysis than applying FCS and FIDA 
separately. The statistical accuracy of each extracted parameter in FIMDA is 
comparable to that in FCS or FIDA, in some cases even better. We demonstrate this 
new method to be a sensitive and selective tool in determining the binding constant of a 
protein-ligand interaction. 



THEORY 



The central part in FIDA (1), (2), is the collection of photon count numbers, recorded in 
time intervals of fixed duration (time windows) and using this information to build up a 
count number histogram. A theoretical probability distribution of photon count numbers is 
fitted against the obtained histogram, yielding specific brightness values as well as 
concentrations for all different species in the sample. The historic predecessor of FIDA is 
FCS, which distinguishes different species on the basis of their characteristic diffusion 
times t, by analyzing the second order autocorrelation function of light intensity. . 
Parameters which can be determined from FCS (in addition to diffusion times x) are not, 
however, concentrations c and specific brightness values q of different species 
separately, but products of the form eg 2 . 



* _ 

The key in FIMDA is to analyze a set of distributions, which is sensitive to the 
translational diffusion of particles. FCS detects the dynamics of particles, because it 
compares the instantaneous intensities at time intervals separated by a certain delay. In 
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with the abbreviation 



Experimental set-up 



* o. e 



(7) 



counting 
unit 



Laser 



photon 



OD filter 




J — ^ ^ dichroic mirror 



band pass filter 



— — pinhole 






Fioure V A beam from a continuous wave laser is directed to a microscope objective by 
a dichroic mirror. The fluorescence light is collected by the same objective and passes a 
confocal pinhole, before it is detected by a silicon photon counting module. 



RESULTS 



Fig. 1 shows the experimental set-up; used in this study. As an example for a typfcaT 
measurement Fig. 2A shows 10 count number distributes with * me . w '"f ^?- R 60 ' 
120 200 400, 600, 800. 1200. 1600. 2000 us from a 0.8 D M Cy 5 solution. Fig 2B > 
shows the calculated apparent molecular brightness of the dye as a funrtion of counting 
time interval (time window), evaluated by FIDA. Since the diffusion time of the dye is 
Ibnq (compared to 40 us) it spends only a short time in the confocal volume and its 
•apparent brightness decreases.. From this information the diffusion tone can-be •. 
calculated from a global fit 
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Figure 2A: Ten different count number distributions, measured simultaneously on a '0.8 
nM Cy5 solution. 
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MEASUREMENTS on a biochemical 



system 
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Fig. 3: Binding cuiye calculated from ten different count number distribution* taken from 
a phosphopeptide - protein Interaction . . 
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I a T b and : K 0mPariSOn ° f FlMDAwi,h FCSand F'DAwith 



respect to the determination of 



1i q 2 
f^HzJ [kHz] 



M M [uM] 

FIMDA 3 1.7±0.32 ' 39.6±0.9 0.402±0. 

FCS 



FIDA 32.1±0.31 43.3±2J 



006 1:01*0.08 1.68±0.27 
0.402±0.013 0.867±0.057 2.26*0.28 

1.70±029 



Summary 
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